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Abstract 
Among all the different types of extreme events drought is considered to be the most hazardous in terms economic losses and 
number of people being affected by its impacts, mainly due to the various complexities involved. Since it is rather difficult to 
predict and forecast droughts with a reasonable degree of certainty, the drought management aspects are also very complex and 
needs to be fine-tuned with the spatial and temporal variation of drought characteristics. It is therefore mandatory to evaluate the 
drought characteristics effectively for development of operative action oriented drought management plans. Generally there are 
many techniques available for the measurement of drought characteristics; however the drought indices can be effectively used to 
identify the characteristics of various types of droughts including the meteorological, hydrological and agricultural droughts. 
TheReconnaissance Drought Index (RDI) have been applied to evaluate the characteristics of the meteorological drought in 
Bundelkhand region located in central India. RDI has been used by many researchersfor identifying the drought characteristics as 
it is more suited to arid and semi-arid areas. The RDI uses precipitation as well as potential evapotranspiration (PET) and can 
also be used to analyse the climate change impacts on the drought scenario of a region.ThePenman-Monteith method has been 
used to estimate the PET. The spatio-temporal variation of drought in Bundelkhand has been investigated and it is found that 
every drought events has its own characteristics in terms of its areal extent, its progression, withdrawal and severity. 
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1. Introduction 
Drought is a complex and least understood phenomenon which generally occurs due to the below normal availability 
of water for a considerable periodwhich can extend to regions, countries or continents [1]. Even though drought is a 
recurring phenomenon and affects all geographical areas, but its impacts are more severe in arid and semi-arid 
regions where there already exists high natural variability in the rainfall pattern. The main characteristics include 
severity, intensity, areal extent, progression and withdrawal of droughts. The understanding of the temporal and 
spatial evolvement of drought eventsare important for planning drought response and mitigation [2],[3]. Drought 
severity, duration and its spatial extent are some of the important characteristics. Meteorological drought severity is 
generally assessed by the negative deviation of precipitation from its normal. 
The development of any efficient drought monitoring system among others is generally based on drought indices 
and drought triggers which are its essential elements [4]. Drought indices are indicators used to characterize drought 
to assist decision makers for taking measures for mitigating its effects. Generally the Standardised Precipitation 
Index is being used worldwide due to its low data requirement and its ability to analyse the various aspects of 
drought based on varying time-scales. However, in arid and semi-arid regions, high temperature along with deficit 
precipitation is a key factor responsible for the development and progression of droughts. In this regard, the 
Reconnaissance Drought Index (RDI) has been used in several arid and semi-arid regions worldwide. This drought 
index is based both on cumulative precipitation (P) and potential evapotranspiration (PET). It is quite an useful 
drought indicator owing to its low data requirements and high sensitivity and resilience [5],[6],[7],[8],[9],[10]. Since 
RDI incorporates precipitation and potential evapotranspiration which are directly affected by climate change, it is 
considered to be a more suitable index for studying drought severity under climate change.
2. Study Area 
The Bundelkhand region located in Central India is bounded by Vindhyan Plateau in south, Ken River in east 
riversBetwa and Pahuj in west, and Yamuna river in north, and falls in both Uttar Pradesh (U.P.) and Madhya 
Pradesh (M.P.). The Bundelkhand region comprises of six districts in M.P. viz., Sagar, Damoh, Chhattarpur, 
Tikamgarh, Panna and Datia and seven districts in U.P. viz., Jhansi, Lalitpur, Jalaun, Hamirpur, Banda, Mahoba and 
Chitrakoot. The topography comprises of gently-sloping uplands, distinguished by barren hilly terrain. The region 
lies between 23° 08ƍ N to 26° 30ƍ N latitude and 78° 11ƍ E to 81° 30ƍ E longitude with a total area of 71,619 sq. km. 
Most of the agriculture is rain-fed and the main occupation of the local population is agriculture [11]. The average 
annual rainfall varies between 514 mm and 1260 mm and about 90% of it occurs during the south-west monsoon. 
The rainfall pattern is erratic and uncertain with very high variability. The complete drainage system forms a part of 
Ganga basin and area generally slopes from south to north. The map showing the study area is given in Fig 1. 
3. Data availability 
The analysis for evaluating the drought characteristics have been carried out for all the 13 districts of 
Bundelkhand. The data used include, daily rainfall data at each development block of every district, the climatic data 
including maximum and minimum temperature, wind speed, solar radiation and relative humidity at each of the 
district headquarters. The daily rainfall and climatic data have been obtained from India Meteorological Department 
(IMD), Pune; whereas the block level rainfall data have been obtained from Water Resources Department, Govt. of 
M.P. and from the office of Superintendent of Land Records of the respective districts. The processing and analysis 
of the data have been performed before initiating the detailed analysis for evaluation of drought characteristics. The 
daily rainfall values have been aggregated into monthly values and used for the estimation of SPI at various times 
scales of 3, 6 and 12 months. The climatic data including the rainfall have been used in the estimation of potential 
evapotranspiration by the Penman-Monteith method. The GIS based analysis has been performed using ILWIS 3.0. 
4. Methodology 
The FAO Penman-Monteith method used to estimate reference evapotranspiration ( oET ) is given as:  
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Fig. 1.  Index map of Bundelkhand region in Central India 
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where, oET  = reference evapotranspiration [mm day
-1], nR  = net radiation at the crop surface  [MJ m
-2 day-1], G  
= soil heat flux density [MJ m-2 day-1], T  = mean daily air temperature at 2 m height [°C], 2u  = wind speed at 2 m 
height [m s-1], se = saturation vapor pressure [kPa], ae  = actual vapour pressure [kPa], es - ea = saturation vapour 
pressure deficit [kPa], ǻ = slope vapor pressure curve [kPa °C-1], Ȗ = psychometric constant [kPa °C-1] 
 
The Reconnaissance Drought Index (RDI) can be characterized as a general meteorological index for drought 
assessment [12],[13],[14],[15],[16],[17],[18]. The RDI can be considered to provide a more realistic representation 
of the drought conditions as it incorporates the potential evapotranspiration along with the precipitation and can be 
effectively used to compare the drought conditions between areas with different climatic characteristics. This is the 
distinct advantage of RDI as it enables its universal applicability in contrast to other indices. 
 
Basically, two expressions need to be evaluated viz., initial Įk and standardized RDI, i.e. RDIst(k). The initial  Įkfor 
year i and reference period of k (months) is  computed  using  a monthly time step as given: 
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where, Pij and PETij are the precipitation and potential evapotranspiration of month j of year i, starting from June, 
which is the onset of the hydrological year in the Bundelkhand region of India and N is the number of years. 
 
The Normalized RDI (RDIn) is computed for each year as given:  
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n
k
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            (3) 
where
kD = arithmetic mean of Įkvalues 
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The standardized form of RDIst is computed by fitting a log-normal probability density function to the 
givenfrequency distribution of Įk (Tsakiris, 2008), similar to the procedure used for SPI. The expression for the 
Standardized RDI is as given: 
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           (4) 
where, yiis theln(Įik);yk is the arithmetic mean and ıyk is its standard deviation. 
 
Based on the goodness of fit tests, the log-normal distribution has been fitted to the data. The negative values of 
RDIst indicate dry periods and therefore the drought severity increases with the decrease in the RDIst. Drought 
severity can be categorized based on the thresholds of RDIst as mild (-0.5), moderate (-1.0), severe (-1.5) and 
extreme (-2.0). The initial expression of RDI is estimated for four different reference periods (time scales) of 3, 6, 9 
and 12 months. The RDI is directly linked to the climatic conditions of the region and therefore calculates the 
cumulative deficit between precipitation and the evaporative demand. Since RDI is directly linked to the climatic 
conditions, it can therefore be associated more effectively with agricultural droughts. One of the other major 
advantages of RDI is that it can be used under climate change scenarios to assess the significance of climatic change 
on the water scarcity. If the period of analysis coincides with the sensitive stages of crop growth, better drought 
characteristics can be evaluated which can thereafter be associated successfully with the expected loss in rain fed 
crop production during drought occurrences. 
5. Analysis &Results 
4.1 Temporal variations of RDI for Bundelkhand region of M.P.  
The RDI has been computed for each block of the thirteen districts in Bundelkhand. The temporal variation in 
RDI in Sagar block of Sagar district is given in Fig. 2. It can be observed that 2002-03 had the maximum severity (-
2.90) indicating extreme drought followed by 1981-82 (-2.75) also having extreme drought. However continuous 
droughts have been observed during 2007-08 and 2008-09 at Sagar block with the severity varying between 
moderate to extreme [19],[20]. It has been observed that widespread droughts occurred during 2002-03 and 2007-08 
in the entire Bundelkhand region. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Temporal variation of RDI in Sagar 
 
summary of the drought characteristics for the six districts falling in M. P. is given in Table 1. In Sagar district, the 
maximum total drought duration of 152 months (period of analysis from 1976-77 to 2008-09) occurred at Deori with 
a maximum combined severity of -158.33 followed by Rehli, an adjacent block to Deori with a maximum combined 
severity of-153.33 and total duration of 150 months. In Chhattarpur district, Bijawar and Chhattarpur experienced 
the maximum drought severities of -176.81 and -174.82 respectively and combined duration of 150 and 148 months 
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Table 1.Drought characteristics for Bundelhand region in M.P.
 
 
respectively. However in Tikamgarh district, the drought severities as well as the drought durations were much 
higher as compared to the blocks in other districts. The maximum severity of -225.80 occurred at Tikamgarh 
blockfollowed by -212.79 and -197.40 at Jatara and Niwadi respectively. The maximum drought duration of 213 
months was observed at Niwadi followed by 211 and 203 months at Tikamgarh and Jatara respectively. Similar 
situation prevailed in the various blocks of the remaining districts in M.P. and U.P. 
4.2 Establishing drought levels forĮk
Once the normalized RDI and the standardized RDI is estimated for a particular area, then subsequently a relation 
can be developed between Įk and the standardized RDI for getting a quick idea of the drought severity solely based 
on Įk, which is the ratio of the rainfall to the potential evapotranspiration, for that particular reference period. The 
S. 
No 
Name of 
block 
Number of 
drought 
events  
Total 
drought 
duration 
 
Total 
drought 
severity 
 
Sagar district 
1. Sagar 49 129 -297.3 
2. Khurai 48 132 -147.42 
3 Banda 44 129 -132.77 
4. Rehli 48 150 -153.53 
5. Deori 47 152 -158.33 
6. Malthone 38 125 -111.99 
7. Jaisinagar 37 109 -90.15 
8. Bina 52 70 -71.18 
9. Rahatgarh 32 90 -96.27 
10. Kesli 32 80 -75.95 
11. Shahgarh 32 79 -71.61 
12. Garhkota 27 79 -77.98 
Chhatarpur district
1. Chhatarpur 60 148 -174.82 
2. Laundi 64 146 -173.68 
3. Bijawar 60 150 -176.81 
4. Buxwaha 56 144 -154.98 
5. Nowgong 36 104 -102.07 
6. Rajnagar 41 118 -119.99 
7. Badamalhera 41 111 -109.21 
8. Gaurihar 37 92 -101.2 
Tikamgarh district
1. Tikamgarh 81 211 -225.80 
2. Jatara 75 203 -212.79 
3. Niwadi 72 213 -197.40 
4. Palera 36 75 -70.53 
5. Baldevgarh 40 130 -123.53 
6. Prathvipur 40 104 -102.76 
7. Orcha 26 80 -70.76 
Panna district
1. Panna 66 157 -198.57 
2. Gunera 37 108 -115.33 
3. Pawai 64 184 -205.98 
4. Shahnagar 44 129 -129.11 
5. Ajaygarh 70 175 -206.07 
Damoh district
1. Damoh 78 201 -236.07 
2. Hardua Morar 26 83 -81.72 
3. Hatta 65 174 -207.14 
4. Jabera 62 166 -190.22 
5. Mala 24 88 -78.44 
Datia district
1. Datia 72 216 -240.11 
2. Seondha 65 189 -209.31 
28   T. Thomas et al. /  Procedia Technology  24 ( 2016 )  23 – 30 
developed relationship can be used to evaluate the ranges of Įk such that it coincides with the RDI classification of 
various drought classes. An example for development of the Įk relationship and fixing of ranges for drought classes 
is illustrated for Garhakota block in Sagar district. The relationship between Įk and RDI at Garhakota is given in 
Fig. 3.  The relationship developed can be expressed by: 
 
3.5208 ( ) 1.6142kRDI Ln D          (5) 
 
Using this relationship, the levels of drought have been fixed based on Įk for Garhakota block and given below in 
Table 2. The drought levels have been established with the minimal data of the ratio of annual rainfall to annual PET 
for all the blocks in the various districts falling in the study area.  
Table 2.Establishment of drought levels based on Įk at Garhakota block 
 
 
 
Fig. 3.  Establishment of levels of drought forĮk at Sagar 
4.3 Spatio-temporal variation of drought in Bundelkhand 
The variation of drought characteristics both spatial and temporal, has been carried out using RDI by interpolation 
of the RDI values at various blocks for all the four months of the monsoon season from June to September. The 
analysis has been carried out in GIS using ILWIS 3.6. The histogram of the classified map of RDI for 2007-08 is 
given in Table 3. The map showing the spatio-temporal variation of drought during 2007-08 is given in Fig. 4.  The 
progression of the drought can be clearly understood by comparison of the RDI maps in June, July, August and 
September 2007.  
 
It can be observed that in June 2007, only 5.5% area was under mild drought mostly at the southern tip of 
Bundelkhand comprising of Kesli and Deori in Sagar district and more than 94% of the area was under near normal 
conditions. However in July 2007, the area affected by various classes of droughts increased and only 20.95% area 
was under near normal conditions. The area under mild droughts increased from 5.5% in June to 59.7% in July and  
 
S. No 
Drought State Range of _RDI Range of  Įk 
1. Extreme 
Drought 
< -2.00  < 0.358 
2. Severe 
Drought 
-1.50 to -2.00 0.358 to 0.413 
3. Moderate 
Drought 
- 1.00 to -1.50 0.413 to 0.476 
4. Mild Drought -0.50 to -1.00 0.476 to 0.549 
5. No drought > -0.50 > 0.549 
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Table 3.Spatial and temporal variation of RDI during 2007-08 in Bundelkhand 
S. 
No 
Drought 
severity 
Percentage of area under different severity 
classes (%) 
Jun-07 Jul-07 Aug-07 Sep-07 
1. Extreme  0.00 0.06 2.37 2.04 
2. Severe 0.00 0.53 28.86 23.30 
3. Moderate 0.09 18.76 43.89 42.17 
4. Mild 5.51 59.68 20.40 25.65 
5. No drought 94.39 20.95 4.64 6.83 
 
 
 
Fig. 4. RDI variation in Bundelkhand during 2007-08 
 
new areas were affected by severe droughts (28.86%) in August. Mild droughts covered the various blocks in the 
districts of Sagar, Damoh, Lalitpur, Tikamgarh, Mahoba, Jhansi, Banda and Chitrakoot. 
 
Moderate drought conditions persisted in parts of Hamirpur, Panna, Lalitpur and Chhattarpur districts. However in 
August 2007, the severity of droughts intensified and about 95% of the area was under various classes of drought 
namely, extreme (2.37%), severe (28.86%), moderate (43.89%) and mild (20.40%). The situation in September 2007 
was similar to the previous month with 94.2% under near normal conditions. However, it is to be noted that the area 
under severe drought changed and Hamirpur, Mahoba and some parts of Jalaun too faced severe droughts. Similarly 
the number of pockets under extreme drought increased in September 2007. The graphical representation of the 
monthly variation of the area under various drought classes in Bundelkhand during 2007-08 is given in Fig. 5. 
6. Conclusions 
The RDI based evaluation of drought characteristics has been carried out for all the 13 districts of Bundelkhand 
and the spatio-temporal variation of droughts have been analysed for the identified drought years. It has been 
observed that the RDI based drought analysis is suited to the semi-arid areas like Bundelkhand as the PET is also  
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Fig. 5. Monthly variation in area under different drought classes in 2007-08 
estimated and included in the RDI. The progression and withdrawal of drought during the various months of a 
drought year have been studied and it has been observed that each drought event is unique and its own system of 
progression and withdrawal depending on the rainfall pattern in the different months of the water year. The 
understanding of the spatio-temporal variation of drought including the other drought characteristics can be used in 
the development of an effective drought management plan for the drought affected Bundelkhand region. 
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